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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally fifed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7) ): 



Description, Pages 

1-5, 10-31 
6-9, 32 



as originally filed 

received on 08.03.2005 with letter of 04.03.2005 



Claims, Numbers 
1-24 



received on 08.03.2005 with letter of 04.03.2005 



Drawings, Sheets 

1/10-10/10 



as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 



□ 
□ 
□ 
□ 
□ 

□ 



contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 



4. The amendments have resulted in the cancellation of: 



□ the description, 

□ the claims, 

□ the drawings, 



pages: 

Nos.: 

sheets: 
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(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
r&pon, j 

6. Additional observations, if necessary: 
IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees, the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

13 paid additional fees under protest. 

□ neither restricted nor paid additional fees. 



This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 
ts 

□ complied with. 

□ not complied with for the following reasons: 

Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: piwiminary 

S all parts. 

□ the parts relating to claims Nos. . 



2. □ 




complied with and chose, according to 




Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



1-24 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



1-24 



Industrial applicability (IA) 



Yes: 
No: 



Claims 
Claims 



1-24 



2. Citations and explanations 



see separate sheet 
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Re Item V 

Reasoned statement with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1 Prior art 

Reference is made to the following document: 

D1: WO 01/20366 A (EXXONMOBIL UPSTREAM RES CO) 22 March 2001 (2001- 
03-22) 

2 Article 33 (1 ), (2) and 3 PCT (Novelty and Inventive Step) 

2.1 The document D1 is considered to represent the most relevant state of the art In 
particular this document discloses (cf. abstract; p.8, 1. 1-19 and p. 14, 1. 3 - p. 15 | 2) 
an electromagnetic survey method for surveying an area thought or known to contain 
a subterranean hydrocarbon reservoir, the method comprising: transmitting an 
electromagnetic signal from a source location, detecting a corresponding response 
signal at a detector location and obtaining survey data comprising phase values of 
first and second directions of the received signal. 

2.2 The subject matter of amended claims 1 and 12 differs from that of D1 in that it 
includes calculating the phase differences from the first and second components of 
the detector signal. 

2.3 With respect to the subject matter of amended claim 21 , it is considered that the 
features of creating a model including depth values of a postulated hydrocarbon 
reservoir of an area to be surveyed and performing a simulation of an 
electromagnetic survey in the model corresponds to the standard practice in the art 
(see, e.g. D1, pg. 17, I. 18-21). 

2.4 The subject matter of amended claim 21 differs from the known techniques is that the 
simulated survey includes obtaining from the model the phase differences between 
the receiver signal components. 
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2.5 The subject matter of amended claims 1 , 1 2 and 21 is therefore new. 

2.6 The problem to be solved by the present invention may be regarded as obtaining 
from the survey, or deriving from the model, a parameter that indicates more 
accurately, the presence or absence of hydrocarbons. 

2.7 The solution to this problem proposed in amended claims 1 , 1 2 and 21 of the present 
application is considered as involving an inventive step (Article 33(3) PCT) since it is 
neither known from, nor rendered obvious by, the available prior art. 

2.8 Amended claims 20 and 24 relate to the computer programs corresponding to the 
methods defined in amended claims 12 and 21 and amended claims 2-11, 13-19 and 
22-23 are dependent on amended claims 1, 12 and 21 respectively. All these claims 
as such also meet the requirements of the PCT with respect to novelty and inventive 
step. 

3 Article 33 (1 ) and (4) PCT (Industrial Applicability) 

The subject matter of amended claims 1-12 is susceptible of industrial application. 
Re Item VI 

Certain documents cited 

The attention of the applicant is drawn to the relevance of the document- GB-A-2 382 
875 (MACGREGOR LUCY MARGARET ; UNIV SOUTHAMPTON (GB)) 1 1 June 
2003 (2003-06-1 1) with respect to the subject matter of all the claims 

Re Item VIII 

Certain observations on the international application 
1 Objections under Article 6 PCT (Clarity) 



1.1 



Although amended claims 1 and 12 have been drafted as separate independent 
claims, they appear to relate effectively to the same subject-matter and to differ from 
each other only with regard to the definition of the subject-matter for which protection 
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is sought and in respect of the terminology used for the features of that subject- 
matter. The aforementioned claims therefore lack conciseness and as such do not 
meet the requirements of Article 6 PCT. 

Moreover, amended claim 12 comprises all the features of amended claim 1 and is 
therefore not appropriately formulated as a claim dependent on the latter (Rule 6.4 



The term "metric" as used in the expression "determining a metric" in amended claim 
12 is not clear in the context of the claim. According to the Chamber dictionary 
"metric" is indeed an adjective and therefore not suitable to be "determined". The use 
of this term renders the subject matter of the claim unclear. 
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and the detectors themselves must also be carefully accurately arranged. The 
difficulties in controlling both the position and the orientation of a towed source 
antenna, coupled with this need to accurately follow a particular tow path relative to 
the detector grid, is one of the major sources of error in surveys of these kind. The 
5 disadvantages associated with the survey constraints imposed by the Sinha method are 
the price to pay for resolving the ambiguities inherent in the Statoil method. 

A survey having an array of multicomponent receivers has been proposed in 
which the multiple components provide data redundancy [14]. 

A survey in which phase data from receivers at different distances from a 
10 transmitter are compared to measure geometric spreading has also been proposed [15]. 



\ 
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SUMMARY OF THE INVENTION 

According to the invention there is provided an electromagnetic survey 
method for surveying an area that is thought or is known to contain a subterranean 
5 hydrocarbon reservoir, comprising: transmitting a source electromagnetic signal from 
a source location; detecting a detector signal at a detector location in response thereto; 
obtaining survey data indicative of phase difference between first and second 
components of the detector signal resolved along first and second directions 
respectively; and forming the phase difference between the first and second 
10 components. 

By comparing phase measurements of different components of the detector 
signal, a phase separation anomaly can be detected which is sensitive to the presence 
of a hydrocarbon layer or reservoir within a subterranean strata configuration. The 
presence or not a phase separation anomaly, and hence the presence or not of a 

15 hydrocarbon layer, can be determined with a single source orientation. There is no 
need, as there is with known methods based on amplitude, for data to be collected 
with different source orientations. Accordingly, surveys can be performed more 
quickly and without needing to accurately control the source orientation. Furthermore, 
because of this insensitivity of a phase measurement to the relative source orientation, 

20 reliable data collection is not limited to specific source location and detector location 
geometries, as is the case when collecting in-line/broadside amplitude data, and a 
much less complex and geometrically restrained towpath can be employed to survey 
an extended area. 

The first and second components can be any two of radial, vertical and 
25 azimuthal (with reference to the source location-detector location geometry). The 
clearest phase anomaly appears to occur from the pairing of radial and azimuthal 
components. It is also possible to use all three components together, i.e. to have first, 
second and third components. 

The first, second and, if used, third directions are preferably orthogonal, since 
30 by observing geometrically independent components of the detector signals, there is 
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minimal cross-talk between the first and second data sets, and the sensitivity to the 
presence of a hydrocarbon reservoir is accordingly increased. 

The source electromagnetic signal can be broadcast from an antenna mounted 
on a submersible vehicle, or from a static location, such as within a borehole, or from 
5 an oil or gas platform. 

The source electromagnetic signal can be emitted at different frequencies to 
obtain survey data at a plurality of different frequencies. Moreover, the source 
electromagnetic signal can be emitted at a variety of frequencies, preferably between 
0.01 Hz and 10 Hz. The method can be advantageously repeated over the same survey 
10 area using different frequencies of source electromagnetic signal. Lower frequencies 
are generally preferred. By probing the subterranean strata at a number of different 
frequencies of source electromagnetic signal, it is possible to obtain improved vertical 
resolution of structures within the subterranean strata configuration. 

The source signal can be from a horizontal electric dipole. Such a signal can be 
15 provided using existing equipment, and also allows relatively simple inversion 
modelling. 

The invention also provides a method of analysing results from an 
electromagnetic survey of an area that is thought or known to contain a subterranean 
hydrocarbon reservoir, comprising: providing survey data indicative of phase 
20 difference between first and second components of a detector signal resolved along 
first and second directions respectively; extracting the phase differences from the 
survey data; and determining a metric from the phase differences that is predictive of 
the presence or absence of hydrocarbon. 

The phase differences can be extracted by rotationally transforming the survey 
25 data from an instrument frame to a source frame. 

The invention also provides a computer program product bearing machine 
readable instructions for implementing the analysis method. 

The invention further provides a method of planning an electromagnetic 
survey of an area that is thought or known to contain a subterranean hydrocarbon 
30 reservoir, comprising: creating a model of the area to be surveyed including a seafloor, 
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a rock formation containing a postulated hydrocarbon reservoir beneath the seafloor, 
and a body of water above the seafloor; setting values for depth below the seafloor of 
the postulated hydrocarbon reservoir and resistivity structure of the rock formation; 
performing a simulation of an electromagnetic survey in the model; and obtaining 
5 from the model phase differences between first and second components of a detector 
signal resolved along first and second directions respectively. 

Repeated simulations for a number of distances between a source and a 
detector and frequencies can be performed in order to allow optimum surveying 
conditions in terms of source-to-detector distance and frequency of EM signal for 
10 probing the hydrocarbon reservoir to be selected when performing an electromagnetic 
survey. The effects of differing detectors array configurations and source tow paths 
can also be modelled. 

The invention also provides a computer program product bearing machine 
readable instructions for implementing the planning method. 

15 
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CLAIMS 



10 



1. An electromagnetic survey method for surveying an area that is thought or is 
known to contain a subterranean hydrocarbon reservoir, comprising: 

transmitting a source electromagnetic signal from a source location; 
detecting a detector signal at a detector location in response thereto; 
obtaining survey data indicative of phase difference between first and second 
components of the detector signal resolved along first and second directions 
respectively; and 

forming the phase difference between the first and second components. 

2. The survey method of claim 1, wherein the first and second components are 
radial and azimuthal with reference to the source location-receiver location geometry. 

15 3. The survey method of claim 1, wherein the first and second components are 
vertical and azimuthal with reference to the source location-receiver location 
geometry. 

4. The survey method of claim 1, wherein the first and second components are 
20 vertical and radial with reference to the source location-receiver location geometry. 

5. The survey method of claim 1, further comprising obtaining survey data 
indicative of phase of a third component of the detector signal resolved along a third 
direction orthogonal to the first and second directions. 

25 

6. The survey method of claim 5, wherein the first and second and third 
components are vertical, radial and azimuthal with reference to the source location- 
receiver location geometry. 

30 7. The survey method of any one of the preceding claims, wherein the first and 
second directions are orthogonal. 
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8. The survey method of any one of claims 1 to 7, wherein the source 
electromagnetic signal is broadcast from an antenna mounted on a submersible vehicle 
which is towed over the survey area to move the source location. 

5 

9. The survey method of any one of claims 1 to 7, wherein the source location is 
fixed. 

10. The survey method of any one of the preceding claims, wherein the source 
10 electromagnetic signal is emitted at different frequencies to obtain survey data at a 

plurality of different frequencies. 

11. The survey method of any one of the preceding claims, wherein the source 
electromagnetic signal is emitted at a frequency of between 0.01 Hz and 10 Hz. 

15 

12. A method of analysing results from an electromagnetic survey of an area that 
is thought or known to contain a subterranean hydrocarbon reservoir, comprising: 

providing survey data indicative of phase difference between first and second 
components of a detector signal resolved along first and second directions 
20 respectively. 

extracting the phase differences from the survey data; and 
determining a metric from the phase differences that is predictive of the 
presence or absence of hydrocarbon. 

25 13. The analysis method of claim 12, wherein the first and second components are 
radial and azimuthal with reference to the source location-receiver location geometry. 

14. The analysis method of claim 12, wherein the first and second components are 
vertical and azimuthal with reference to the source location-receiver location 
30 geometry. 
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15. The analysis method of claim 12, wherein the first and second components are 
vertical and radial with reference to the source location-receiver location geometry. 

5 

16. The analysis method of claim 12, further comprising obtaining survey data 
indicative of phase of a third component of the detector signal resolved along a third 
direction orthogonal to the first and second directions. 

10 17. The analysis method of claim 16, wherein the first and second and third 
components are vertical, radial and azimuthal with reference to the source location- 
receiver location geometry. 

18. The analysis method of any one of claims 12 to 17, wherein the first and 
1 5 second directions are orthogonal. 

19. The analysis method of claim 18, wherein the phase differences are extracted 
by rotationally transforming the survey data from an instrument frame to a source 
frame. 

20 

20. A computer program product bearing machine readable instructions for 
implementing the method of any one of claims 12 to 19. 

21. A method of planning an electromagnetic survey of an area that is thought or 
25 known to contain a subterranean hydrocarbon reservoir, comprising: 

creating a model of the area to be surveyed including a seafloor, a rock 
formation containing a postulated hydrocarbon reservoir beneath the seafloor, and a 
body of water above the seafloor; 

setting values for depth below the seafloor of the postulated hydrocarbon 
30 reservoir and resistivity structure of the rock formation; 
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performing a simulation of an electromagnetic survey in the model; and 
obtaining from the model phase differences between first and second components of a 
detector signal resolved along first and second directions respectively. 



5 22. The planning method of claim 21, wherein the first and second components 
are two of radial, vertical and azimuthal with reference to the source location-receiver 
location geometry. 

23. The planning method of claim 21 or 22, further comprising: 

10 repeating the simulation for a number of distances between a source and a 

detector and frequencies in order to select optimum surveying conditions in terms of 
source-to-detector distance for probing the hydrocarbon reservoir. 

24. A computer program product bearing machine readable instructions for 
1 5 implementing the planning method of claim 2 1 , 22 or 23 . 
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